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Apples constitute an important part of the human diet, as they are a source of sugars, acids and various biologically active compounds, such as phenolic compounds, which are responsible for most of the antioxidant activities of the fruit (Wu et al. 2007 ). Fruits and vegetables are often most attractive and nutritious when harvested at their peak maturity. At retail stores, fruits and vegetables may spend one to three days on display prior to being purchased by the consumer, who may store them for up to seven days prior to consumption (Barrett 2007) . Cold storage involves controlling the temperature in a storage room using mechanical refrigeration. Usually, apples are stored in refrigerated (from -1°C to -3°C) warehouses from about one to two days after harvest and the temperature of the apples is lowered to between -1 to 5°C after three to five days. (Giupu & Duo 2008) . The quality of apples changes rapidly during storage and thus, substantially affects their acceptability for consumers (Vieira et al. 2009 ). Quality cannot be improved, but it can be largely maintained during storage. (Giupu & Duo 2008) . Most perishable commodities, however, are stored under refrigerated conditions, and storage life may range from eight to ten days for highly perishable fruits like berries to eight to ten weeks for less-perishable commodities like squash, pumpkin, apples, grapes and pears (Barrett 2007) . Soluble sugars in fruits are mainly represented by sucrose, fructose and glucose, whilst malic, citric, and tartaric acids are the primary organic acids (Mahmood et al. 2012) . The right proportion of these sugars determines the quality of the fruits. (Wang et al. 2008) ; similarly, malic, citric, and tartaric acids are not equally acidic (Bordonaba & Terry 2010) . Apple fruits are rich in fructose, which accounts for 44-75% of the total sugars (Wu et al. 2007) . Roth et al. (2007) reported that the sucrose content in apples decreased during storage, while glucose and sorbitol levels increased. The first substrate used https://doi.org/10.17221/165/2017-CJFS during respiration is sugar (Chen et al. 2006) . Organic acids are generally recognised as safe (GRAS) for use as food ingredients. Some organic acids have been evaluated as sanitisers on fruits and vegetables (Park et al. 2011) . Malic acid is the dominant acid in apple fruits, accounting for up to 90% of the total organic acids (Wu et al. 2007; Zhang et al. 2010) and has an important influence on the sour taste of apples. In cultivars with low amounts of malic acid, the sweet taste becomes predominant (Verberic et al. 2009 ). Therefore, its content decreases during storage, particularly in conditions of high oxygen concentration (Roth et al. 2007) . Most fresh fruits are acidic with a pH range from 3 to 5. (Barrett 2007) . Citric acid (CA) is extensively used in the food, dairy, pharmaceutical, cosmetics, agricultural, and biochemical industries, among others (Dhillon et al. 2010) . As an antioxidant synergist with ascorbic or erythorbic acid and as a pH regulator (Barrett 2007) , citric acid is present in greater than trace amounts in a variety of fruits and vegetables, most notably citrus fruits (Penniston 2008) . Tartaric acid has a strong, tart taste and augments natural and synthetic fruit flavours, especially grape and cranberry; it is a natural component of numerous fruits including currants, raspberries, cranberries and grapes (Barrett 2007) . The aim of this study was to evaluate the impact of cold storage of apple fruits on the nutritional composition of juice.
MATERIAL AND METHODS
Fresh apple fruits (M. domestica) were purchased from the botanical garden of Slovak Agriculture University in Nitra, Slovakia on 15.10.2016. Apples were washed with running tap water, dried with paper towels and then cut into four pieces using a stainless-steel knife. For evaluation, approx. 1000 g of apples were used. Stalk and seeds were removed. Apple juice was extracted using a household table top juice extractor (Le Duo Plus; Magimix, France) and filtered through sterilised double-layered muslin cloth to remove impurities and coarse particles. The resulting juice was mixed and divided into three different parts as working samples for spectrophotometric measurement. The same procedures were carried out after 140 days of cold storage at 1-2°C with a relative air humidity of 90-95%.
The following 26 late ripening varieties were evaluated: Angold, Bohemia, Boikovo, Boskoopské, Dalila, Darina, Denár, Doris, Elstar, Florina, Gloster, Golden Delicious, Goldspur, Granny Smith, Hontianske, Idared, Jonathan, Karmína, Lord Lambourne, Luna, McIntosh Red, Melodie, Melrose, Mutsu, Nabela, and Ontario. Trees were trained in spindle form with a support system and drip irrigation, were planted in 2008 on rootstock (M9-T337) with 4.0 × 1.0 m spacing of and were grown as organic apples.
Chemical quality parameters. An FT-IR spectrophotometer (Alpha Wine Analyser; Bruker Optics, USA) was used to analyse the following parameters: sucrose, glucose, fructose, total sugar, citric acid (CA), malic acid (MA), acetic acid (AA), tartaric acid (TA), total acid and pH. Three replicates were tested for each sample. Total sugar content and total acid content was estimated as the arithmetical average of total sugar and acid content of all 26 apple varieties.
Sweetness index (SI). SI was estimated for each apple according to a modified method previously described by Keutgen and Pawelzik (2007) . The contribution of each major sugar found in apple fruits was calculated, considering that fructose and glucose are 1.7 and 0.75 times sweeter than sucrose, respectively. As a result, the SI is the sum of 0.75 (glucose), 1.0 (sucrose) and 1.7 (fructose) (Baiquan 2015) .
Statistical evaluation. Analysis was performed using Statgraphic Centurion XVII (StatPoint Inc., USA). Obtained results were evaluated using analysis of variance (ANOVA), the multifactor analysis of variance and the multiple range test. Correlation analyses were done in Excel by testing the interdependencies of the selected parameters.
Plus and minus points. This evaluation measures the overall characteristics of a variety based on maximum and minimum parameter values in fresh juice, in juice from fruits stored for 140 days, and varieties with the biggest increase or decrease in the measured parameters are assigned plus or minus points, respectively.
Plus points were assigned if a variety reached the maximum value of total sugar, glucose, fructose, sucrose, SI, total acid, CA, MA, TA, and minimum value of pH in fresh juice and in juice after 140 days of cold storage.
Minus points were assigned if a variety reached the minimum value of total sugar, glucose, fructose, sucrose, SI, total acid, CA, MA, TA, and maximum value of pH in fresh juice and in juice after 140 days of cold storage. 
RESULTS AND DISCUSSION
The results showed significant qualitative differences in the composition of apple cultivars, particularly in their acid and sugar contents. Fructose was the most dominant sugar in the different apple cultivars, followed by glucose and sucrose, while MA was the principal organic acid.
Fresh juice. The sugar with the biggest average share in the measured apples was fructose with 58.51%, followed by sucrose with 21.56% and glucose with 19.94%. The variety with the highest total sugar content was cv. Nabela (166 ± 15 g/l), while the lowest total sugar content was measured in cv. Ontario (99 ± 15 g/l). The average total sugar content was 132 ± 15 g/l. Baiquan (2015) reported that total sugar content ranged from 29.9 g/l to 205.4 g/l with an average of 92.7 g/l.
The highest fructose content of 98 ± 10 g/l was measured in cv. Nabela, which is 58.7% of total sugar content; the lowest fructose content of 58 ± 10 g/l was measured in cv. Florina. The average fructose content was 76 ± 10 g/l. Wu et al. (2007) reported that average fructose content in eight apple cultivars was 53.9 g/l; the highest value was 64.5 g/l, and the lowest was 42.6 g/l.
The highest glucose content of 43.3 ± 7.8 g/l was measured in cv. Boikovo; the lowest glucose content of 13.4 ± 7.8 g/l was measured in cv. Florina. The average glucose content was 25.9 ± 7.8 g/l. The highest sucrose content of 48.4 ± 9.3 g/l was measured in cv. Bohemia; the lowest sucrose content of 12.3 ± 9.3 g/l was measured in cv. Karmina. The average sucrose content was 28 ± 9.3 g/l. In study of Wu et al. (2007) , the average glucose content was 33.8 g/l, while the highest content was 38.7 g/l, and the lowest content was 24.7 g/l.
The highest SI was measured in cv. Nabella and came to 202 ± 19; the lowest SI value of 120 ± 19 was measured in cv. Granny Smith. The average sweetness index was 157 ± 19.
The organic acid with the biggest average share in the measured apples was MA with 55.19%, followed by TA with 25.97% and CA with 18.83%.
The highest total acid content was in cv. Boskoop (13.8 ± 2.0 g/l); the lowest total acid content was measured in cv. Luna (6.1 ± 2.0 g/l). The average total acid content was 9.7 ± 2.0 g/l. The acid concentration in apple juices ranged between 3.73 and 6.58 g/l (Dobrowolska et al. 2015) . The highest CA content of 2.66 ± 0.55 g/l was measured in cv. Darina; the lowest CA content of 0.82 ± 0.55 g/l was measured in cv. McIntosh Red. The average CA content was 1.74 ± 0.55 g/l. The highest MA content was measured in cv. Boskoop (8.9 ± 1.9 g/l); the lowest MA content was measured in cv. Florina (1.4 ± 1.9 g/l). The average MA content was 5.1 ± 1.9 g/l. The highest TA content was measured in cvs Boikovo and Angold (both 4.4 ± 0.72 g/l); the lowest TA content of 1.5 ± 0.72 g/l was measured in cv. Elstar. The average TA content was 2.4 ± 0.72 g/l. The highest pH of 3.51 ± 0.21was measured in cvs Denár and Bohemia; the lowest pH of 2.71 ± 0.21 was measured in cv. Angold. The average pH was 3.25 ± 0.21. In study of Baiquan (2015) , average malic acid content was 4.83 g/l. In the study of Wu et al. (2007) , average malic acid content was 4.61g/l; the highest content was 7.07g/l and the lowest was 2.73g/l. The average pH level was 3.87, with a highest value of 4.16 and a lowest value of 3.40.
Apple juices after cold storage for 140 days. In comparison to fresh juice, the share of fructose was increased by 13.8%, sucrose was decreased by 60.5% and glucose content was increased by 23.7%. Sucrose decrease is due to the conversion to the monosaccharides glucose and fructose. In general, the total sugar content in apples stored for 140 days in cold storage decreased by 0.3 g/l, which is 0.2%. The SI in stored apples was 158.13, which is an increase of 0.6% in comparison to fresh apple juice. A decline in sucrose content was also observed in pears during storage, while the levels of fructose and glucose increased over five months of storage at 0°C (Chen et al. 2006) . The biggest rise in total sugar content was observed in the cv. Ontario, the increase was 17.18%; the biggest decrease was observed in the cv. Angold (-23.13%). Average selected sugar content change can be seen in Figure 2 . The biggest increase in SI was observed in the cv. Granny Smith (21.91%); the biggest decrease in the SI was observed in the cv. Angold (-23.59%). Despite the increases/decreases of the measured parameters (total sugar content and SI), differences were not statistically significant (Table 1) . The increase in sugar content can be explained by water loss during storage, which consequently leads to a higher concentration of sugars inside the cells. This is also a basis for juice concentrate production with the use of a rotary vacuum evaporator.
The Mutsu variety was the only variety with a total acid increase, which came to 6.67%. The biggest decrease in total acid content was observed in the cv. Angold (-50%). The biggest increase in MA was observed in the Luna variety; the increase was 66.67%. The biggest decrease in MA was observed in cv. McIntosh Red and came to -53.61%. The biggest increase in TA was observed in the cv. Elstar and came to 55.33%. The biggest decrease in TA was observed in the cv. Boikovo, with a decrease of 56.82%. Average selected acids content change can be seen in Figure 2 . In comparison to the pH of fresh apple juice, an increase of 0.13 was observed in apples stored in the cold, a difference of 4.24%. The biggest increase in pH was observed in the Florina variety (20.29%). The biggest decrease in pH was observed in the Melrose variety (-8.93%) . Decrease of pH level was also reported by Blažek et al. (2003) , and which was very closely related to the total acid content.
Statistical evaluation. In apple juice from fresh fruits, positive correlations between fructose and total sugar content (r 2 = 0.6955), fructose and density (r 2 = 0.7032), density and total sugar (r 2 = 0.9183) and MA and total acid (r 2 = 0.861) were observed. In stored fruit, the same correlations between fructose and total sugar content (r 2 = 0.7632), fructose and density (r 2 = 0.6693), density and total sugar (r 2 = 0.9304) and between MA and total acid (r 2 = 0.8534) were observed. A correlation between glucose and fructose content was not confirmed in line with the findings of Baiquan (2015) .
Some statistically significant differences were found between juice from fresh fruit and juice from fruits stored for 140 days, namely, in the content of CA, MA, total acid, pH, sucrose, fructose, and glucose. No statistically significant differences were found in the content of AA, TA, total sugar and SI (Table 1) .
Positive and negative points. In this evaluation, the best variety was Boskoop, as it reached the maximum values of total acid and MA in fresh juice and maximum values in total sugar, glucose, total acid, and MA (6 plus points) in juice from stored fruits. The variety with the highest minus points was Angold; this variety reached the highest value of pH in fresh juice, lowest values of fructose and CA in juice from stored fruits and the biggest decrease of total sugar, fructose, SI, total acid, and CA content (8 minus points).
CONCLUSIONS
We could confirm statistically significant differences in content of CA, MA, total acid, pH, sucrose, fructose and glucose between juice from fresh fruits and from juice stored for 140 days. No statistically significant differences between juice from fresh fruit and juice from fruits stored for 140 days were observed for AA, TA, and total sugar content as well as for SI.
From a practical point of view, the three varieties with the highest total sugar content in fresh juice were Nabela, Rajka and Boskoop, and the three varieties with the highest total acid content in fresh juice were Boskoop, Boikovo and Ontario. Blends of After 140 days in cold storage, the highest total sugar content was measured in the Boskoop, Nabela, and Dalila varieties; the highest content of organic acids was measured in the Boskoop, Granny Smith, and Ontario varieties. It can be assumed that these varieties are also highly suitable for juice and cider processing after 140 days of cold storage. Angold, Elstar and Melrose varieties appear to be rather unsuitable for juice and cider processing after 140 days of cold storage because of their sharp decreases in sugar and acid content. Total acid and total sugar content in the juice of the analysed apple varieties after 140 days of cold storage is shown in Table 2 .
